Correlation between DNA microsatellite heterozygosity and growth rate was investigated in two hatchery-propagated stocks of the shrimp Penaeus stylirostris, which had been genetically isolated from wild founders for 17 generations, and from each other for five more generations. Presumed demographic history of these populations suggested that they were maintained at small effective population sizes, and this was confirmed by significant changes in allelic frequencies between the two stocks. Despite a small sample size (n=60) and a small number of loci screened, a significant positive correlation was detected between microsatellite tri-locus heterozygosity and growth rate in one of the two stocks (r=0.3, P=0.02). In the other stock (n=48), the positive correlation was not significant, but the combined test of single locus heterozygote advantage over the three loci was significant (P=0.005). Use of DNA microsatellite markers, whose selectively neutral status is generally accepted, allowed us to reject the hypothesis of direct overdominance at marker loci as an explanation for an association of growth rate with heterozygosity. The average depression associated with one locus in our case is above or equivalent to the amount observed for a 10% increase of inbreeding in other species. These results suggest that heterozygosity at neutral marker loci is sufficiently well correlated with individual inbreeding coefficients to reveal a significant residual inbreeding load for growth rate in Tahitian P. stylirostris stocks. Inbreeding during hatchery propagation was, thus, insufficient to purge the ancestral load.
A first sampling of 30 individuals from the EPT population was made without phenotypic 9 characterization (EPT-g 0 ) in late 1996 (Vonau et al., 1999) . A second sampling, including sex 10 determination and weighing of 48 individuals, was done two generations later, in late 1997 (EPT-g 2 ). Two 11 further samplings, each of 30 individuals, were made at two different times in early 1997 in the same COP 12 population (t 1 : mean weight = 26.8g , t 2 : mean weight =43.1g). Each individual was sexed, weighed and 13 sampled for hemolymph. The hemolymph was diluted in an anticoagulant, Alsever solution pH 7 (30 mM 14 trisodium citrate, 115 mM glucose, 338 mM NaCl, 10 mM EDTA) for DNA extraction. All animals 15 sampled at the same time belonged to the same cohort, and thus had the same age. The fast Chelex extraction method (modified from Singer-Sam et al., 1989) was used. Hemolymph 20 samples (corresponding to one million cells) were centrifuged at 6,000g for 2 min. The supernatant was 21 saved and 500 µl of 5% chelating resin (Chelex, Biorad, Richmond, VA USA) and 5 µl of proteinase K
22
(10 mg/ml) were added to each sample tube. The mixtures were shaken and heated for 4h in an incubator 23 at 55°C, then vortexed, heated again at 100°C for 15 min, vortexed a second time and centrifuged at 24 10,000 g for 2 min. The supernatant was stored at -20°C until it was used as template for PCR. (Garcia et al., 1996) in two flanking open reading frames which are thought to be highly 6 conserved across taxa : Primer 1 =5'-GGATAACACTGATTAGATATCACGG-3' and Primer 2 = 5'-7 TAAATGTACACGAGATGCACC-3'. This marker was screened only in the EPT samples.
8
All other heterologous microsatellite loci which were tried, from P. monodon (Brooker at al., in press) 9 and P. japonicus (Moore et al., 1999) , and for which primers were designed a priori in non-coding 10 sequence, failed to amplify. This is in accordance with results of Moore et al. (1999) , and with two 11 mtDNA analyses (Palumbi and Benzie, 1991 ; Baldwin et al., 1998) which revealed that morphological 12 similarity in penaeids masks very large genetic differences.
13
Twelve µl of PCR mixture, containing 0.5µM of each primer, 2mM MgCl 2 , 0.2mM of each dNTP and 14 0.25 unit of red Goldstar DNA polymerase (Eurogentec, Liège, Belgium), was added to 3 µl of DNA 15 solution during the first 2 min-94°C denaturing stage of the PCR program (Hot Start). Thirty PCR cycles between pairs of populations) were computed using the Genetix 3.3 software (Belkhir et al., 1996 (Belkhir et al., -1999 .
1
Departure of F is and F st from zero was tested using the permutation approach provided by this software.
2
Where more than one test was performed, the probability threshold level was adjusted according to the 3 Bonferroni procedure. Estimates of variance of allele frequencies were made according to the theory of selectively neutral 8 alleles in finite populations (Waples, 1989 weight was log e -transformed and expressed in standard deviation units from the sample mean
10
(standardized deviates). The locus-specific effects of heterozygosity on growth were expressed as: ,1996, pp. 794-797) . P-values also were combined locus by locus.
Rohlf
Standardized deviates were plotted on MLH and the relationship between the two parameters was 1 expressed as the product-moment correlation r. The significance of r was tested by a t-test (Sokal and   2 Rohlf, 1996, pp. 574-575). To combine the two samples in the COP population, the average r (after z-3 transformation) was computed after homogeneity among the two correlation coefficients was tested (Sokal 4 and Rohlf, 1996, pp. 581-582). which was monomorphic. It was also 2 for locus Pstyli.19 in each population, and 4 for locus Pstyli.09.
16
The data for locus Vanna.02 in the EPT-g 2 population are not presented in Table 1 , as only one individual 17 of the 48 analyzed was heterozygous, all other individuals being homozygous (allele frequencies :
18
400=0.99, 398=0.01).
19
As shown by F is tests, no significant departure from HWE was observed in the COP population after
20
Bonferroni adjustment, and F is for the pooled data was not significant (F is =0.03, ns).
21
On the other hand, the EPT-g 0 population exhibited significant heterozygote deficiency at loci The single-locus growth differentials among heterozygotes and homozygotes, and the corresponding 2 tests are presented in Table 4 . Combining the two samples, the COP population exhibited significant d at 3 the single test level for two loci, Pstyli.05 and P.styli.09, out of three and the combined probability over 4 the three loci was significant (P=0.014). In the EPT population, only differences in growth among 5 genotypes at locus Pstyli.19 was significant at the single test level, but the combined probability over the 6 three loci was highly significant (P=0.005). Although some correlation between heterozygosity at selectively neutral markers and a fitness-related 17 trait is theoretically expected in a finite population (Ohta and Kimura, 1970, 1971 ; Ohta, 1971 Ohta, , 1973 We have no data on the genetic variability at microsatellite loci in wild populations of P. stylirostris, so 7 we will use here the information already published on other penaeid species ( parameters is :
14
where N e is the harmonic mean population size and t is the number of generations since foundation
15
( Figure 1) . Then, the expected heterozygosity is : will depend on the balance between these two forces. influenced by selected genes localized on its chromosome, but not by more than a factor of 2 if hs>0.1 Ohta, 1973) , where h is the (over)dominance coefficient and s is the selective disadvantage of 9 homozygotes at selected genes. As the haploid chromosome number is 46 (Nakaura et al., 1988) in P.
10 stylirostris, most of the genome is unlinked to any particular marker. Therefore, we will ignore this factor 11 and estimate that β ≈ 2N e Cδ. Moore et al. (1999) estimated the genome size of P. japonicus to be 12 ∼2300cM. We will assume the same size for P. stylirostris. We found a mean homozygote disadvantage of Vanna.02).
17
To explain the observed magnitude of associative overdominance, which is actually expected to be 18 quite small even in our small populations (on average, ƒ hom -ƒ het should be small in Eq.7), a high inbreeding inbred mean) of mean body weight per 10 % increase of IBD coefficient is never higher than 5%, which is 23 the average amount associated with one locus in our case. On the other hand, our results are in accordance 24 with huge genetic loads described in other marine organisms such as bivalves (Bierne et al., 1998) . They have been interpreted as a consequence of the high fecundity of these organisms, which supported such a 1 load, and are a necessary condition for the " general effect " hypothesis of heterozygosity-fitness 2 relationship in natural populations (David et al., 1995 ; David, 1998) .
3
The effect of selected genes physically linked to marker loci (local effect) cannot be ruled out.
4
However, it would take an incredibly high number of such genes to explain the finding that such a small 5 number of randomly picked microsatellites would have some in their vicinity. To our knowledge, our data are the first indirect demonstration of inbreeding depression in penaeid 
